Objective: The aim of this study was to delineate in detail the longitudinal association of total cholesterol (TC) and highdensity lipoprotein cholesterol (HDL-C) levels with overall mortality in middle-aged participants of the biennial Turkish Adult Risk Factor study. Methods: Baseline lipid variables were analyzed in sex-specific deciles. A baseline age of 45 to 84 years as an inclusion criterion led to the enrollment of 2121 men and women. Cox regression analyses were performed. Results: Deaths were recorded in 237 and 306 women and men, respectively, during a mean 8.85±4.4 years of follow-up. After adjustment for age, smoking status, lipid-lowering and antihypertensive drug usage, prevalent diabetes, and coronary heart disease, and using the lowest decile as referent, neither TC (p trend=0.94 and 0.96, respectively), nor HDL-C categories (p trend=0.20 and 0.31, respectively) were significantly predictive of mortality in either gender. TC deciles exhibited a gender difference insofar as hazard ratios in females tended to be reciprocal to those in males in deciles 2 through 5.
or a low high-density lipoprotein cholesterol (HDL-C) level. [1] [2] [3] [4] They vary between ethnicities. The use of prediction algorithms is recommended in the decision-making for therapies aimed at preventing cardiovascular diseases. [5] TC and HDL-C constitute 2 critical variables in fatal CHD, which ranks first among causes of death, and reduction of an elevated TC level has been the major single recommendation of prevention guidelines.
Cardiovascular risk factors have most oftenthough not uniformly -been predictors of death risk in other populations. Age, smoking, diabetes, and high blood pressure (BP) were independent determinants, not only of cardiovascular, but also of all-cause mortality in middle-aged Dutch subjects. [1] Among Norwegian men and women in the large Nord-Trøndelag Health (HUNT) Study, [2] intriguingly, an inverse association was found between TC and all-cause mortality in women, which assumed a U-shaped risk curve in men. A risk prediction algorithm in a general population was reported in the French Multinational Monitoring of Trends and Determinants In Cardiovascular Disease (MONICA) Study cohort. [3] Age, region of residence, educational level, and 4 traditional cardiovascular risk factors were detected as independent risk factors, while alcohol consumption, physical activity, antihypertensive drug treatment, diastolic BP, HDL-C, and triglycerides did not prove independent risk factors. Some gender differences [2] and age-specificity [6] [7] [8] [9] in the associations between risk factors and the risk of death has been reported in other populations.
In a recent derivation of an algorithm for all-cause mortality in the Turkish Adult Risk Factor (TARF) study cohort, what was apparent from previous evaluations was confirmed: mechanisms involving risk factors beyond those conventionally recognized determined the risk of death to a substantial extent. [10] Baseline diabetes and severe systolic hypertension alone and, in men, current smoking, were major determinants consistent with the general knowledge. Yet with regard to lipid variables, non-HDL-C and HDL-C, each high HDL-C and low non-HDL-cholesterol category revealed a higher risk for death than the respective bottom and top categories in either sex, albeit insignificantly. [10] This study was an assessment of the risk of overall mortality among Turkish adults with evidence of enhanced, low-grade inflammation and autoimmune activation operating as a major pathogenetic mechanism. [11] The focus here was specifically on the lipid parameters of TC and HDL-C using 10 categories, namely deciles, in each variable and the analyses were stratified by sex. A multi-adjusted Cox model was used.
METHODS

Population sample
The TARF Study is a longitudinal, population-based cohort study on the prevalence of cardiac disease and risk factors in adults in Turkey carried out biennially in 59 communities scattered throughout all geographical regions of the country. [12] It involves a random sample of the Turkish adult population, representatively stratified for sex, age, geographical region, and for rural and urban distribution. [12] Participants were recruited from randomly selected communities using a probabilityproportionate-to-size method. Combined measurements of waist circumference and HDL-C first taken at the follow-up visit in 1997/98, C-reactive protein Inclusion criteria for the current study were age of 45 to 84 years, no missing relevant values at baseline, and at least a 1 year of follow-up. The cohort of the current study comprised 2121 individuals. The survey conformed to the principles embodied in the Declaration of Helsinki and was approved by the Istanbul University ethics committee. All individuals of the cohort gave written consent for participation. Data were obtained via a questionnaire, physical examination of the cardiovascular system, sampling of blood, and re- 
Definitions and outcomes
Cigarette smoking status was categorized into nonsmokers (never smokers and former smokers who had quit for 3 months or more) and current smokers (regularly, 1 or more cigarettes daily), and was self-reported in an interview during examination. Individuals with type-2 diabetes were diagnosed with criteria of the American Diabetes Association, [13] namely, plasma fasting glucose ≥7 mmol/L (or 2-hour postprandial glucose >11.1 mmol/L) and/or the current use of diabetes medication. Physical activity was graded by the participant into 1 of 4 categories of increasing level with the aid of a previously developed tool. [14] Low physical activity was defined as grades 1 and 2. Family income was categorized by the participant into 1 of 5 categories.
Information on mode of death was obtained from first-degree relatives and/or a local health office. Cause of death was assigned considering preexisting clinical and laboratory findings elicited during biennial surveys. Nonfatal CHD was identified by the presence of angina pectoris, a history of myocardial infarction with or without accompanying Minnesota codes of the ECG, [15] or a history of myocardial revascularization. Typical angina was a prerequisite for a diagnosis when angina was isolated. ECG changes of "ischemic type" greater than minor degree (codes 1.1-2, 4.1-2, 5.1-2, 7.1) were considered myocardial infarct sequelae or myocardial ischemia.
Data analysis
Descriptive parameters were presented as mean±SD and percentages. Pearson chi-square tests were used to analyze the differences between proportions of groups. Significance between 2 groups was tested with the Mann-Whitney U test for values with skewed distribution (family income, serum triglycerides, Lp[a] and CRP).
In predicting mortality risk from the baseline examination, Cox proportional hazards regression was used to yield risk coefficients for each lipid or risk variable. Estimates (and 95% confidence intervals [CI]) for the hazard ratio (HR) of the independent categorized variables were expressed using a referent category. A model adjusted for age, smoking status, usage of statin or antihypertensive drugs, prevalent diabetes, and CHD was utilized. A value of p<0.05 in the 2-sided test was considered statistically significant. Statistical analyses were performed using SPSS for Windows, Version 10.0 (SPSS Inc., Chicago, IL, USA). Baseline characteristics of the sample population are shown in Table 1 , stratified by sex and survival. Of the listed parameters, greater age and systolic BP, shorter height, lower physical activity score and income bracket, antihypertensive drug usage, and diabetes and/or CHD prevailing at baseline were significantly different among non-survivors compared with survivors in each sex. In addition, fasting glucose and apolipoprotein B in women and CRP in men were significantly higher in those who subsequently died. Body mass index and triglycerides were lower in men. There were fewer current smokers among non-surviving women. It is noteworthy that, except for lower fasting triglycerides in males, all lipid fractions in each gender were similar across categories of survival.
RESULTS
At
to the reference category. Compared with the lowest TC decile, the remaining deciles in combination disclosed an HR of 1.12 (95% CI, 0.77-1.61; p=0.56). Among women, deciles displayed non-significantly lower multi-adjusted HRs (by just over one-tenth) than the lowest decile (HR: 0.89; 95% CI, 0.58-1.36; p=0.59). Interestingly, HRs in females were reciprocal to those in males, and formed a mirror image in deciles 2 through 5 (135-184 mg/dL and 150-198 mg/dL, respectively) ( Figure 1 ).
With respect to HDL-C categories, non-significantly lower multi-adjusted HRs were observed in deciles 4 through 9 and 4 through 8 (range: 33-53 mg/ The distribution of mean serum TC and HDL-C values in each decile and sex, along with the respective number of deaths, are shown in Table 2 , which also contains multivariable-adjusted HRs in Cox regression analysis for each decile with reference to the lowest decile. Neither TC (p trend=0.94 and 0.96, respectively), nor HDL-C categories (p trend=0.20 and 0.31, respectively) was significantly predictive of mortality in either gender.
Regarding TC categories among men, deciles 2 through 6 (135-194 mg/dL) exhibited an insignificantly (~20%) higher relative risk compared with the lowest decile, and higher TC levels had a risk similar dL and 39-56 mg/dL, respectively), rising in the higher categories. Evidence for reciprocal behavior in the shape of the risk curve was lacking. Women showed an increase in HR in deciles 6 and 9 ( Figure 1 ).
With respect to independent variables in the model significantly associated with risk of death, age ( 
DISCUSSION
In a middle-aged Turkish adult sample, we investigated whether the 2 lipid risk factors commonly used as treatment targets, TC and HDL-C concentrations, 2010, the relative importance of high cholesterol fell, and its mortality burden was fourth greatest (after excess weight and hyperglycemia), being responsible for just more than 10% of deaths. In the meta-analysis of the Emerging Risk Factor Collaboration examining the impact of multimorbidity (diabetes, stroke, and myocardial infarction), baseline total cholesterol was lower (205 mg/dL) in 541 subjects with all 3 conditions than in over 25,600 subjects with diabetes alone (219 mg/dL), or some 6000 with a combination of 2 diseases (225 mg/dL). [18] This suggests that multimorbidity was more likely in patients with a lower TC level.
With respect to serum HDL-C, the highest and lowest 2 to 3 deciles were associated with a nonsignificantly higher mortality risk in each sex, compared with the intermediate categories (deciles 4 to 8/9). This is consistent with previous prospective outcome studies in Turkish adults indicating that serum HDL-C provided only partial protection against cardiometabolic risk. [19] Current findings are also in agreement with a failure of HDL-cholesterol to prove an independent risk factor in the algorithm of the French MONICA cohort. [3] Similarly, no association was found prospectively between HDL-C and all-cause mortality in Japanese-American men aged over 70 years. [8] Our HDL-C findings are also in line with a systematic review of 108 randomized trials that disclosed no association between treatment-induced are significantly related to survival/mortality. Using categories of tenths, and adjusting for age, smoking status, lipid and antihypertensive drug usage, prevalent diabetes or CHD, and TC and HDL cholesterol levels did not predict mortality risk in either gender, and did not even display a significant trend. Baseline diabetes, CHD, and age were important determinants, added to a smoking habit in men.
Sex only marginally modulates the association of lipids with the risk of death
Though the TARF study has disclosed that several major risk factors diverge between the sexes, [16] this study did not find a disparity between women and men in the predictive value of TC and HDL-C for mortality risk. The only difference related to TC deciles was that HRs in females tended to be reciprocal to those in males in deciles 2 through 5. This may be attributed to a comparatively higher death rate in females in the lowest decile, reflecting the effect of elevated risk due to autoimmune activation in the lowest TC decile.
Lipoproteins did not confer greater risk of death
Our main finding was the lack of association with mortality risk of both TC and HDL-C in both sexes. It is pertinent to point out the findings of 2 large metaanalyses. For worldwide deaths due to cardiovascular diseases, chronic kidney disease, and diabetes in 2010, high BP formed the leading risk factor.
[17] By in men. This hypothesis is consistent with the results of a large population-based study from Japan with 830 deaths recorded during 12½ years of follow-up, which reported that a low (<8 mg/dL) Lp(a) level was a significant, 1.5-fold risk factor for all-cause death. Low Lp(a) level significantly and independently also predicted cancer and non-cardiovascular deaths. [24] With respect to our findings that HDL-C lacks predictive value for mortality risk in either sex, it is pertinent to note that deciles 5 through 9 in women and deciles 6 through 10 in men displayed (unexpectedly) a tendency for a rising HR. This is in agreement with a pro-inflammatory conversion of such high HDL contributing to increasing risk.
Strengths and limitations The present study's large end-point and relatively large sample sizes, based on a representative general population sample of each sex, are strengths. Analysis of the lipid variables by tenths, adjusted for major determinants of risk of death, allowed for detailed characterization of the associations in a sex-stratified manner. Findings may have limited applicability among younger Turkish adults, as age was shown to be a strong effect modifier, with 3-to 4-fold higher excess risk in middle age than in individuals >70 years old. [25] The population sample prone to impaired glucose tolerance/metabolic syndrome [26] may limit the ability to generalize conclusions to other populations who do not have a background of insulin resistance, though the present findings may have validity in similar subsets of many other populations. [27] The use of only 1 baseline measurement may have led to a regression dilution effect and underestimation of the predictive value of the lipid variables.
Guidelines on TC and HDL-C A systematic review of guidelines on cardiovascular risk assessment found they were lacking a stated consensus on the recommended age of screening for target populations. [28] Furthermore, the recommendation, "Adults 40-75 years of age with LDL-C 70-189 mg/dL, without clinical atherosclerotic CVD [cardiovascular disease] or diabetes, and with an estimated 10-year atherosclerotic CVD risk ≥7.5% should be treated with moderate-to high-intensity statin therapy", [29] is in conflict with our results, which coincide with both the age and the LDL-C brackets of individuals, harboring even a quadruple risk of mortality. change in HDL-C level and risk ratios for cardiovascular disease morbidity and mortality when controlled for low-density lipoprotein (LDL) cholesterol. [20] Neither TC nor HDL-C was reported to be an independent significant factor in predicting long-term all-cause mortality in the study conducted by Mannan et al., [21] who used the Framingham cohorts. Among publications reporting on the death risk with respect to TC, the largest of which, the HUNT-2 study, analyzed 2490 deaths, documented a linearly inverse association with TC in women, and one that pursued a U-shaped risk curve in men. [2] A review of observational studies and randomized controlled trials on TC and mortality in people 80 years old or more did not find that lipid-lowering treatment had a beneficial effect on mortality. [8] After multivariable adjustment, an inverse association was found between TC and stroke or cardiovascular mortality in a Japanese cohort of over 16,000 participants tracked over a mean of 10.9 years. [22] Furthermore, a predictive value of cholesterol level for mortality was lacking in Swedish peri-and postmenopausal women, in contrast to premenopausal women. [6] Thus, our observations are far from confined to Turkish adults and are supported by previous reports studying diverse ethnicities.
Potential explanation of elicited findings
Current findings on TC, supported by the previously reported findings discussed above, are of note due to 2 shallow U-shaped risk curves in Turkish women divided by decile 6 (~198-208 mg/dL), somewhat paralleled in the top 4 deciles in men. This is consistent with parallel serum Lp(a) aggregation in deciles 8 and 7 and in deciles 5 to 2. Though these were not analyzed herein due to missing Lp(a) assays, a recent TARF study, which examined the role of a macrophage migration inhibitory factor genotype, provided some evidence that lower Lp(a) values may disclose an association with the risk of death. [23] Lp(a) quintiles in men tended to be inversely associated with incident metabolic syndrome and all-cause mortality, and a significant HR for overall mortality was found in quintile 2. No association with mortality emerged in women, which was attributed to a more complex autoimmune activation. [23] Lp(a) and LDL-cholesterol may be linked via the LDL-receptor. The reciprocal risk association in females vs males, particularly in the lowest 5 TC deciles, is indicative of Lp(a) protein aggregation operating in women but only little Clinical implications We agree with the HUNT study investigators [2] questioning the validity of related clinical and public health recommendations, with the notable limitation of this question with respect to certain subsets of the population, namely, individuals prone to impaired glucose regulation, and aged over 50 to 60 years. Placebo-controlled trials that enrolled individuals with high absolute risk in the settings of heart failure or renal failure found little evidence of event reduction with statin therapy despite large reductions in LDL-cholesterol. [30, 31] We documented that appropriately instituted statin therapy in population subsets with metabolic syndrome or enhanced inflammation -such as in Turks-may increase CHD risk in a primary prevention setting. [32] We conclude that TC and HDL-C levels in each sex were not relevant to mortality risk. These findings support the operation in this population of the previously epidemiologically documented excess cardiometabolic risk via the pathogenic process of enhanced pro-inflammatory state, HDL dysfunction and autoimmune activation. Together with current practice guidelines and recommendations related to diverse cardiometabolic risks, this finding should guide clinical practitioners in the prevention of multimorbidity in adults aged over 50 years.
